Laser irradiated mitochondria in rat myocardial cells were analysed cytochemically for succinic dehydrogenase and with the electron microscope for ultrastructure.
The least severe lesion type did not alter the SDH activity of the mitochondria.
The major ultrastructural alteration observed was an electron-dense region corresponding to a phase-dark spot in the light micrographs. This lesion appeared to be restricted in depth and width within the irradiated structure.
The damage was primarily localized to the intercristae matrix.
The cristae appeared normal.
Introduction
In previous reports in this series we described various alterations in morphology and contractility of cultured myocardial cells following selective argon laser microirradiation (0.5-l pm spot) of single mitochondria [I, 3, 41 . It was demonstrated that three different types of light-microscope lesions could be produced in the mitochondria, and that these lesions could be correlated with the amount of laser energy and/or the optical density of the target mitochondrion [3] . The "least severe" lesions appeared as a general phase "paling" or blanching of the entire irradiated structure, often with a small phase-dark spot at the center. The "moderate" lesion-type resembled a hole with a dark border, and the "severe" lesion appeared to be destruction of the entire organelle with only a vacuole remaining [I] and given two changes of 100% propylene oxide (15 min each). The disc was removed from the propylene oxide and immediately a drop of EPON/ propylene oxide (50:50) was pipetted onto the cells. Next a 5 mm high piece of sliced polyallomer tube (4.5 ml Spinco Beckman tube) was placed around the cell and carefully glued (using DUCO cement) to the disc. The cement was allowed to dry and the ring was filled about half way with more propylene oxide/EPON mixture and allowed to set overnight. The next day fresh EPON (53 cm3 EPON, 25 cm3 DDSA, 33 ems NMA, 44 drops DMP-30) was poured into the ring and placed at 60 "C to allow partial polymerization for 10 to 18 h [S] . A small circle was then scratched on the polymerized EPON above the irradiated cell (the cell surface was still closest to the glass disc). The preparation was next placed on a block of dry ice causing the EPON containing the cells to separate from the gloss in a few seconds. Final polymerization of the specimen was done at 60°C for 2 days. After polymerization was complete the EPON block was examined under low power phase and the irradiated cell relocated. A final mark indicating the position of the cell was placed on the cell side surface of the EPON disc. The small EPON disc was next glued to a larger EPON block with Epoxy glue, trimmed and then thinsectioned parallel to the horizontal surface of the cell using a MT-2 ultramicrotome. Sections were picked up on 200 mesh grids with a carbon coated formvarfilm and stained for 40 min at 40°C with 4% uranyl acetate in 40% ethanol. Sections were examined and photographed using either a Zeiss EM 9 S-2, or an RCA EMU 4 electron microscope.
Results

Succinic delz$rogenase activity
The results of the SDH histochemical analysis were the same for cells assayed immediately following and up to six hours post-irradiation. A typical cell is illustrated in Plates 1 to 3. In the pre-irradiation state the large mitochondria appear as phase-dark bodies (Plate 1). Six of these mitochondria on the same side of the cell were irradiated (Plate 2). All of the lesions were of the least-severe typeresulting in the phase-lightening of the organelle. A single small phase-dark spot can be detected in five of the irradiated mitochondria (arrows, Plate 2). The irradiated mitochondrion closest to nucleus (Plate 1) does not have a dark spot. SDH analysis of the cell demonstrates that even though the irradiation resulted in a substantial light microscope morphological effect to the mitochondria, the enzyme activity was not affected (Plate 3). All six of the irradiated organelles maintained high levels of SDH activity as indicated by the dark staining reaction. The three mitochondria in the upper portion of the cell appear as one dark-staining mass.
Electron microscofiy
Fifteen irradiated mitochondria in five cells were relocated. The predominant feature that delineates these organelles from unirradiated control mitochondria is the presence of an electron dense area localized within a discrete region of the mitochondrion (Plate 4). This electron dense area corresponds precisely in location with the "phase dark" spot observed immediately following irradiation. Two additional good examples of the phase microscope lesions and the corresponding ultrastructural regions are presented in Plates 5, 6, 7 and 8, arrows 1 and 2.
A major feature of the lesion appears to be an alteration of the intercristae matrix. This is the material that presents the highest electron density. The cristae can be seen passing through this region and attaching to the mitochondria membranes (Plate 4). It is possible that the general organization of the cristae (see Plates 7 and 8) are more disorganized (less lamellae-like) in the irradiated structures. However, similar patterns of disorganization and irregular spacing were observed in unirradiated mitochondria, whereas the electron dense matrix lesion was never observed in hundreds of control mitochondria. 
Discussion
The most frequently observed ultrastructural change was the production of an electron dense area in a localized region of the irradiated organelle. The electron dense area appears to correspond to the phase-dark spot visible in the living state. In fact, the diameter of these small lesions (see lesion No. 1, Plate 7) may be as small as 0.5 pm. This size compares favorably with a measured light-microscope diameter of 0.5 to 1 pm for threshold lesions in blood cells [5] . Close examination of the micrographs reveal that the cristae continue through this region in a rather orderly, lamellae-like pattern. It would seem that the electron dense material is between the cristae membranes.
Whether this electron dense material is produced by denaturation, and/or coagulation of the intercristae matrix, or by increasing the affinity of this material for the stain by some other mechanism is not clear. It has been suggested that the production of electron dense material following laser microirradiation is characteristic of thermal denaturation [II, 121. Furthermore, it has been suggested that in our earlier experiments a temperature rise of 100°C at the focal point was likely [JO] . Certainly a temperature rise of this magnitude would create considerable thermal damage not only to the entire irradiated structure (cristae as well as intercristae matrix), but to adjacent organelles and cytoplasm. The lesions described in this manuscript are not only localized to one portion of the mitochondrion within the plane of the micrographs, but also we have demonstrated that the lesions may be localized to only a limited area in depth as well (see lesion No. 2, Plates 8 and 9). These results would suggest that if, indeed, the lesions are produced by a thermal effect, the heating is not of such great magnitude as has been predicted [.70 ]. Further evidence suggesting that the integrity of the cristae is at least partially maintained, is the succinic dehydrogenase assay which demonstrates high levels of SDH activity in the irradiated organelle. Succinic dehydrogenase is generally believed to be located in the cristae membranes.
Why and how the matrix between the cristae is damaged without affecting the cristae is, indeed, an intriguing
(but yet unanswered) question. In view of the results presented in this manuscript, the results of earlier functional studies are not surprising.
Since the alterations are confined to only small regions within the irradiated organelles, the lack of an observed contractility change is reasonable.
Other organelles should be able to function normally, and it even seems possible that the unirradiated regions of the irradiated mitochondrion could function normally. Further ultrastructural analysis of cells with moderate and severe lesions is currently in progress.
